Obesity is one of the factors associated with cognitive impairment. However, obesity may differently affect cognitive function in different age groups, and scarce data are available from lowand middle-income countries. This cross-sectional study aimed to identify the association between obesity and cognitive impairment among 143 elderly individuals in Yogyakarta. We recorded the sociodemographic factors and some comorbidities, also measured the body mass index as a parameter of obesity, cognitive function using Montreal Cognitive Assessment-Indonesia, mood condition and depression status using geriatric depression scale-short form, as well as the daily life function using Activity of Daily Living and Instrumental Activity of Daily Living. After adjustment for the sociodemographic and comorbidities, we found that subjects with older age were more likely to have cognitive impairment (odds ratio [OR] 3.544, 95%CI: 1.36-9.22, p < 0.01) and compared with elderly individuals with normal weight, obese elderly individuals were 40% less likely to have cognitive impairment (OR 0.604, 95%CI: 0.39-0.95, p < 0.05). This study suggests that obesity in elderly individuals is less frequently associated with cognitive impairment. These findings support the reverse causation mechanism related to body mass index (BMI) and cognitive impairment in low/middle-income countries.
Introduction
Normal aging, mild cognitive impairment (MCI), and severe cognitive impairment (dementia) serve as a continuous spectrum of cognitive function in elderly individuals [1] . Elderly individuals with cognitive impairment experience problems in recalling and remembering, focusing attention, learning new things, decision making skills, planning, judging, and language skills [2, 3] . The difference between mild and severe cognitive impairments is the extent to which one's daily living is affected by the impairment [3, 4] .
Some factors, such as education; socioeconomic status; obesity; and comorbidities including dyslipidemia, hypertension, diabetes mellitus, stroke, and cardiovascular disease, can affect cognitive function in elderly individuals [5, 6] . Obesity has been established as a major public health concern worldwide, as it contributes to increased mortality and morbidity from cardiovascular diseases (CVD) [7] . Although obesity may also affect cognitive function, the underlying mechanism by which it leads to cognitive decline remains elusive. Evidence has shown that obesity affects cognitive function in different ways for different people based upon their age. Higher body mass index (BMI) in elderly individuals was associated with a decreased risk of dementia [8, 9] . However, these findings were reversed in middle age, where higher BMI was associated with an increased risk of dementia [10] [11] [12] . These unexpected findings might possibly be caused by the reverse causation mechanism. Weight loss occurred steadily or progressively in elderly might be a sign of developing dementia in the near future [12] . Weight loss could begin earlier up to 20 years prior to symptoms onset and has been associated with preclinical and prodromal dementia stages, especially Alzheimer's dementia [13, 14] .
The prevalence of obesity in low-and middle-income countries has rapidly increased, leading to an increased risk of CVD and its consequences [15] . However, the association between obesity and cognitive function in later life or among elderly individuals in these countries has not been well documented. A study from the 2007 Indonesian Family Life Survey (IFLS)-4 reported that obesity had a positive association with better cognitive function in adults aged 50 years and above [16] . Moreover, another study conducted in Yogyakarta, Indonesia reported that individuals aged above 65 years with increased level of cognitive impairment were likely to be underweight or malnourished [17] . Although this study did not explore the association between obesity and cognitive function, it evidenced the association between BMI and cognitive impairment.
The latest systematic review and meta-analysis of longitudinal studies reported that obesity in later life was negatively associated with dementia, and no heterogeneity between each study was observed. However, this review only included studies from high-income countries (mostly from the US, Europe, and Japan) [18] , which might be attributed to the lack of well-documented longitudinal studies from low/middle-income countries demonstrating the association between obesity and cognitive impairment.
Indonesia is a lower middle-income country with 34 provinces. One of the provinces, Yogyakarta, has the greatest life expectancy and highest number of elderly individuals. This condition leads Yogyakarta to be a suitable province to study the aging population in Indonesia [19] . The present study identified the association between obesity and cognitive impairment. The results of this study may provide additional evidence of the association between obesity and cognitive impairment in older age, particularly in Indonesia.
Materials and Methods

Study Design and Study Population
This study had a cross-sectional design and included community-dwelling elderly individuals residing in Sleman Regency of Yogyakarta, Indonesia. Among the five regencies in Yogyakarta, Sleman is the only regency that has both lowland and highland areas. Thus, residents in Sleman Regency represent the characteristics of both urban and rural population. Sleman Regency also has the highest population among other regencies in Yogyakarta [20] . Individuals >60 years old and residing in the Sleman Regency of Yogyakarta, Indonesia were eligible to participate in this study. Prior to data collection, the research team explained the study and provided a volunteer information sheet to the participants. All participants signed a written informed consent form prior to the investigation. For participants who were unable to understand the study and implications for participating in this study, the informed consent was provided by their spouse, child, or close relative. Individuals with aphasia, schizophrenia, visual impairment, or hearing problems and illiterate individuals were excluded.
We used cluster sampling to determine the study population. Three clusters (three out of 17 districts in Sleman Regency of Yogyakarta) were randomly selected using a computer-generated random number (GraphPad QuickCalcs, GraphPad Software Inc., La Jolla, CA, USA). Then, nine suburbs/villages within the three districts were selected as the final locations. Finally, individuals aged more than 60 years were randomly selected per suburb/village.
We estimated the minimum sample size and found that it might be acceptable to represent the entire population. The sample size was calculated using the following formula for cross-sectional studies [21] :
Zα = the statistic corresponding to the level of confidence P = expected prevalence (that can be obtained from the same studies or a pilot study conducted by the researchers) Q = 1 − P d = precision (corresponding to effect size)
No previous study has reported the prevalence of cognitive impairment in Indonesia. Therefore, we determined the expected prevalence (P) of cognitive impairment to be 15.2% based on a previous study in Singapore [22] , which was in accordance with the data from other Asian populations [23, 24] . With Zα = 1.96 and d = 0.06, the minimum sample size is as follows:
A total of 150 elderly individuals were investigated in this study. However, seven of them were excluded because they refused to be further examined during the interview. In total, 143 participants completed the examinations, generating a response rate of 95.33%.
Ethical approval for this study was obtained from the Medical and Health Research Ethics Committee of the Faculty of Medicine, Universitas Gadjah Mada, Indonesia (EC No: KE/FK/479/EC/2016).
Data Collection and Measurements
We conducted a cross-sectional survey through face-to-face interviews based upon a questionnaire. The questionnaire consisting of five components, namely sociodemographic and comorbidities measurement, geriatric depression scale-short form (GDS-SF) to measure depression level in elderly individuals [25] , Montreal Cognitive Assessment-Indonesia version (MoCA-INA) to assess the cognitive function [26] , Activity of Daily Living (ADL) for measuring daily activities [27] , and Instrumental Activity of Daily Living (IADL) for measuring dependency on daily living instruments [28] . All the questionnaires were filled in by the investigators. Approximately one hour was required by each participant to finish the interview and examination. The process of data collection was done during 09.00-12.00 in the morning and the participants should already had breakfast, were not asleep and free from any pain. BMI was measured by calculating the body weight (in kilograms) divided by the square of height (in meter squares). The measurements were performed using a portable scale and stature meter. The classification of BMI in this study was based on WHO criteria of BMI for the Asian population: those with BMI < 18.5 kg/m 2 were categorized as underweight, 18.5-22.9 kg/m 2 as normal, 23-27.4 kg/m 2 as overweight, and ≥27.5 kg/m 2 as obese [29] ( Supplementary Table S1 ).
Sociodemographic measures included age (60-65 years and more than 65 years which was symbolized with 65+), sex (female and male), socioeconomic status (SES) (low, middle, and high), number of children (≤3 and >3), and history of smoking.
Socioeconomic status (SES) was defined by measuring the three most commonly used indicators for SES: education, occupation, and income [30] . We made a composite index based on the three indicators, as in a previous study [31] . We adjusted the income variable based on the classification from Statistics Indonesia [32] . In the previous study, each indicator was scored from one to five. However, as the income variable used in the present study had only four levels and as we excluded uneducated or illiterate individuals, we made some modifications by adjusting the total cut-off score. The total score ranged from three to 12; a score of three to five indicated low SES, six to nine indicated middle SES, and 10 to 12 indicated high SES ( Supplementary Table S1 ).
Comorbidities included a self-reported history of hypertension, hypercholesterolemia, cardiovascular disease, and traumatic brain injury (TBI). The blood pressure of each participant was also measured to verify the hypertension status.
To determine the cognitive impairment status of the participants, we examined the cognitive function and functional status by using four assessment tools, namely MoCA-INA, GDS-SF, ADL, and IADL. MoCA detects mild cognitive impairment with high sensitivity and specificity [33] . The Indonesia version of MoCA (MoCA-INA) has been validated as a cognitive screening tool in Indonesia and has been widely used in the clinical and research setting [26] . GDS-SF has been validated as a screening tool to measure the level of depression in elderly individuals [25] . ADL and IADL are the screening tools to assess functional status in patients with cognitive impairment by measuring their daily activities and dependency on the daily living instrument [27, 28] . A combination of the aforementioned four assessment tools categorized whether participants had a normal cognitive function (without cognitive impairment), mild cognitive impairment (MCI), or severe cognitive impairment (dementia) [4, 34, 35] ( Supplementary Table S1 ).
Statistical Analysis
Participants with MCI and severe cognitive impairment (dementia) were categorized together as having cognitive impairment (MoCA-INA ≤ 25). The Chi square test was used to analyze the statistical difference between categorical variables. The crude odds ratio of the factors associated with cognitive impairment was measured using univariate logistic regression analysis. These factors included BMI, sociodemographic status (age, sex, number of children, nutrition status, and smoking) and comorbidities (hypertension, hypercholesterolemia, cardiovascular disease, TBI). Finally, multiple logistic regression analysis was performed to measure the contribution of BMI to cognitive impairment after controlling covariates such as sociodemographic status and comorbidities for Models Two and Three, respectively. Interaction analysis of age and BMI was also performed to observe the influence of age on the main effect of BMI and cognitive impairment. A p value of <0.05 indicated statistical significance. SAS version 9.4 was used for all the analyses. Table 1 presents the baseline characteristics of the study participants which consist of BMI, sociodemographic characteristics, and comorbidities. In total, of the 143 elderly individuals examined, 108 had cognitive impairment and 35 did not have cognitive impairment. There were significant associations between age, BMI, and SES with cognitive impairment status. However, no significant association between comorbidities and cognitive impairment status was observed. Table 2 presents the univariate analysis of factors associated with cognitive impairment. No significant differences in some sociodemographic characteristics and comorbidities were observed. Sex, number of children, smoking, hypertension, hypercholesterolemia, cardiovascular disease, and TBI had no association with cognitive impairment. Obese elderly individuals were approximately 58% less likely to have cognitive impairment compared with their normal-weight counterparts (odds ratio [OR] 0.424, 95%CI: 0.23-0.77, p < 0.01). Elderly individuals aged above 65 years (65+) were more likely to have cognitive impairment than those aged 60-65 years were (OR 3.513, 95%CI: 1.52-8.07, p < 0.01). Individuals with high SES were approximately 85% less likely to have cognitive impairment compared with their counterparts with low SES (OR 0.151, 95%CI: 0.04-0.55, p < 0.05). Table 3 presents the multiple logistic linear analyses of factors associated with cognitive impairment after adjustment by controlling multiple covariates. In Model Two, we controlled the sociodemographic characteristics only and showed that the association of cognitive impairment in obese elderly individuals increased from 0.424 to 0.570. For Model Three, we adjusted the odds ratio of obesity by controlling the sociodemographic characteristics and comorbidities and found that individuals with obesity alone were about 40% less likely to have cognitive impairment (OR 0.604, 95%CI: 0.39-0.95, p < 0.05). Elderly individuals aged 65+ years were more likely to have cognitive impairment than those aged 60-65 years were (OR 3.544, 95%CI: 1.36-9.22, p < 0.01). Although SES was not a significant factor associated with cognitive impairment, it showed a strong reduction in cognitive impairment as SES increased (OR 0.128, 95%CI: 0.02-0.59, p 0.092). Interaction analysis of age and BMI with cognitive impairment revealed a significant interaction effect between obesity and age 60-65 years. Obese participants aged 60-65 years were 95.7% less likely to have cognitive impairment (OR 0.043, 95%CI: 0.003-0.536, p < 0.05) compared with participants with normal weight who were aged 60-65 years. 
Results
BMI, Sociodemographic Characteristics, and Comorbidities
Factors Associated with Cognitive Impairment
Discussion
In the present study, we demonstrated that cognitive impairment among elderly individuals in Yogyakarta, Indonesia was affected by age, SES, and BMI. Elderly aged 65+ years were positively associated with cognitive impairment, with high SES could be a strong factor to predict better cognitive function. Furthermore, to our knowledge, this study is the first study in Indonesia which showed that obesity in late life was less likely associated with cognitive impairment.
The present study showed that elderly individuals aged 65+ were more likely to have cognitive impairment. This finding is consistent with previous studies [36] [37] [38] . After performing the interaction analysis between age and BMI with cognitive impairment, we found that only obese elderly individuals aged less than 65 years (or those in the age range of 60-65 years) were significantly less likely to have cognitive impairment. This could be attributed to the fact that subjects in the present study had an average age of 69.38 years, which meant that they were relatively younger than the subjects in prior studies (average age >70 years) [36] [37] [38] .
In addition to that, the illiteracy rate among elderly in Indonesia is still high. The illiteracy rate for elderly aged 65+ in the study area (Yogyakarta) in 2017 was 23.55% compared with 21.81% of those with the same age in whole Indonesia [39, 40] . Therefore, there is still probability for very old people with cognitive impairment in the study area who were excluded due to illiteracy. This could also contribute to lack of significant association for being obese and 65+ and having cognitive impairment.
A substantial proportion of the participants (108 out of 143 or 75.5%) were classified as having cognitive impairment. The finding is in accordance with previous study conducted at urban and rural population in Yogyakarta, Indonesia by Arjuna et al. (2017) [17] . They found that 59% (in urban) and 80% (in rural) of their elderly subjects were cognitively impaired. In the present study, we recruited the participants residing in Sleman Regency, a region that represents the characteristics of both urban and rural population in Yogyakarta. Hence, the finding that 75.5% of our participants were cognitively impaired corroborate previous findings [17] . The higher case of cognitive impairment in older individuals aged ≥65 years in our study might due to most of them (51 out of 108) had low SES (low educational background, low income, and low level of occupation). However, this still needs further investigation to delineate the causal relationship.
Socioeconomic status (SES) has been known to be an important factor associated with cognitive impairment. Studies have shown that individuals with high SES were less likely to have cognitive impairment [41] [42] [43] . In the present study, on analysis of Model Two, we found that elderly with high SES were less likely to have cognitive impairment. However, in the final analysis, as shown in Model Three, we did not find any significant association between SES and cognitive impairment although SES showed as a strong predictor for cognitive function in elderly. Nevertheless, this finding warrants further investigation.
In the present study, we found that obesity in elderly individuals was less likely associated with cognitive impairment. This finding corroborates those of previous studies, as elderly individuals with low BMI (<25 kg/m 2 ) and those who were losing weight had a higher risk of dementia and showed more rapid cognitive decline [12, 44, 45] . Furthermore, the other studies have shown that obesity was associated with a lower risk of dementia among older individuals [9, 46, 47] . Obesity or higher BMI in the elderly individuals may come from the higher muscle mass or increased fat accumulation in regions other than the abdominal area; for instance, leg fat mass [47] . Greater leg fat mass in elderly individuals has been associated with improved glucose metabolism [48] , which eventually reduces the risk of cognitive impairment [49] .
Prior studies have reported that obesity in later life was associated with a lower risk of cognitive impairment, whereas obesity in midlife was associated with a higher risk of cognitive impairment. This contradictory finding is called obesity paradox caused by reverse causation which may be explained by several mechanisms proposed by researchers [12] . First, low body weight may indicate weight loss caused by underlying pathology related to general health deterioration and the progression of dementia [50, 51] . The preclinical phase of dementia, which involves very mild cognitive impairment, could last several years. Weight loss, one of the signs of Alzheimer's dementia, could begin much earlier before the clinical symptoms of dementia become apparent [52, 53] . Previous studies have found that patients with Alzheimer's dementia had reduced olfaction, dysfunction in the limbic system and hypothalamus, and reduced automaticity in swallowing and chewing [12, 54] . This could lead to loss of appetite and weight loss. Weight loss may also be related to the neuropsychiatric symptoms that are commonly observed in the early phase of dementia, such as loss of initiative and apathy [55] . Second, weight loss is in conjunction with assorted criteria of frailty in which frailty is associated with diminished performance of cognitive function [56] . Another explanation, excess body weight provides more energy savings and a stronger inflammatory response that could be a benefit to encounter acute illness [57] . Some evidences from neuroimaging studies found that higher BMI in dementia patients with Alzheimer's disease (AD) was associated with greater volumes of medial temporal cortex which indicate better cognitive performance [58] . Another study revealed higher BMI in older individuals with AD was associated with higher glucose metabolism in the anterior cingulate gyrus and hypothalamus which was related to better cognitive function [59] . An additional explanation suggests that higher BMI in late-life individuals was associated with functional brain connectivity which served as a neuroprotection for cognition [60] . Nevertheless, the exact mechanism by which obesity was less frequently associated with cognitive impairment in elderly individuals in the present study remains unknown.
We also found that none of the comorbidities had any association with cognitive impairment. This finding is contradictory with those of the previous studies, which showed that hypertension, diabetes mellitus, stroke, and CVD were associated with a higher risk of cognitive impairment [61] [62] [63] . This discrepancy might be due to most of the history of comorbidities in the present study were self-reported. Although we also measured the blood pressure to verify the history of hypertension, the other comorbidities were only verified by the subject use of medications if they still consumed it. This self-reported information could lead to exposure bias.
The present study contributes to providing further evidence for a negative association between obesity and cognitive impairment in older individuals from low/middle-income countries. This finding may facilitate a more comprehensive longitudinal study regarding the link between obesity and cognitive impairment in late life, particularly in Indonesia. Nevertheless, this study has several limitations. First, it only included participants from one specific area in Yogyakarta and had a small sample size owing to limited funding. Hence, the findings in the present study require careful interpretation upon generalization. Second, only BMI was measured as a single parameter for obesity. Using BMI as a single marker of obesity is considered a poor indicator of cardiometabolic health. Obesity in the elderly should be adjusted for body composition [64] . Body composition, which consists of body mass (skeletal muscle mass), fat mass, and fat-free mass, has been suggested to affect the central nervous system that controls cognition, motivation, and executive function [65] . The reason why we only measured BMI in the present study is because we refer to Guideline of Nutritional and Health Service for Elder People by Ministry of Health of Indonesia (Pedoman Pelayanan Gizi Lanjut Usia, Kementerian Kesehatan Republik Indonesia, 2012) [66] . Based on the guideline, it is stated that BMI could be used as a simple initial screening tool for measuring nutritional status of elderly in Indonesia. For further detailed examination of nutritional status, BMI combined with Mini Nutritional Assessment (MNA) followed by the measurement of waist circumference, waist-to-height ratio, waist/hip ratio, skinfold thickness, or body fat percentage could be achieved [66] . Although only using BMI as a single indicator, we tried to optimize the interpretation by adjusting BMI cut-off point based on characteristics of Indonesian population. The BMI cut-off point of obesity for Indonesian population is lower than the common cut-off point used in Western countries, which is ≥27.5. This finding comes from the different associations between BMI, percentage of body fat, and health risk than do Western populations [29] . Indonesian populations having the same weight, height, age, and sex generally have higher percentage of body fat compared to Western populations [67] . Third, the information about history of comorbidities were only self-reported without any verification from medical records. This could lead to exposure bias and hinder the association between comorbidities and cognitive impairment. Finally, the present study only used cross-sectional data, which could not establish the causal relationship between obesity and cognitive impairment, although the direction of the influence was consistent with previous research. More knowledge on this issue is needed in the Asian countries, to better plan preventive interventions for cognitive impairment in elderly population.
Conclusions
Cognitive impairment was positively associated with older age and negatively associated with higher BMI among elderly individuals in Indonesia. Elderly with late life obesity was less likely to have cognitive impairment which supports the obesity paradox. However, the mechanism underlying this phenomenon warrants further investigations.
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